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buffer [22,26}. Various protein extra cts were analyzed including 
extrac ts fro m transfected .I-feLa cells expressing specifi cally full-
leng th SPRRl, -2, -3 [271 and extracts from cultmed kern tin ocytes 
induced to dift'erentia te from our hmellar ichthyosis patient Ll-l.S, 
characterized by highly decreased T GK pro tein and mRNA leve ls 
[22]. A re latively long exposure of the immulloblo ts was performed 
to de tec t min or cross-reactivities (shorte r exposures aUow the 
specific de tection ofT GK with no cross-reactivities [22]) . T hus, n o 
laborato ry "cosmetics" were applied and the resul t of the first 
experim ent condu cted is shown (Fig 1). l3. C l recognized a protein 
of the p roper molecular weight ofT GK as the majo r epitope in total 
protein extra cts from fo reskin (see Fig lA, If/lie 1) and cytosoli c or 
m embrane ex tract fro l11 cultured differenti ating norl11al keratino-
cytes (see Fig lA, Inn es 6 <lnd 7, respectively). Best proof that the 
prote in de tected in fact is TG K comcs fro m its lack in lame llar 
ichthyosis patient L 1-1 .5 who could be considered as specific 
" T GK knock-o ut experiment o f nature " (see F~g lA , 1(lIICS 8 and 
9). Jd entical blots prepared e ither according to the renaturation 
pro tocol (see Fig lA) [22 ,26] or standard procedures for denatured 
pro te ins (Fig l B) [19] reveal the importan ce of epi tope conform a-
tion for B .Cl reacti vity. In contrast to Kim eI (II, we could not 
identi fy an y crossreactivity ofB .Cl w ith SPRRs expressed in HeLa 
cells (see Fig lA, 1B). Several minor bands with a m o lecular 
w eight o f about 25-35 kD a were expressed in aU H eLa ce lls and 
canllot be attributed to SPR.Rs . In conclusion, ollr results indicate 
that B.C l antibodies specifica lly and strongly recognize TGK and 
show no cross-reactivity with full-l ength SPRRs expressed in H eLa 
cell s. 
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Expression of Transglutarninase 1 in 
Keratinocytes 
Dr. H o hl and colleagues hav e raised se veral questions concerning 
o ur recent paper (Kim el ai, 1995a) in which we reported results 
with a new polyclonal antibody eli cited aga inst the transglutam.i-
nase '1 (TGase 1) enzyme . '" 
First, we reported that by indirect immunofluorescence our 
antibody decorated all layers of the epidermis, including the basal 
la ye/". H ohJ el (II correctl y poi))t out th at this finding is ill contrast co 
a large body o f li terature wh.ich has reported that the T Gase 1 
enzyme is expressed only in suprabasal layers. Bohl. el al imply that 
o ur antibody wa s in completel y charac te rized and per/Hips has 
nonsp eci fi c epitopes. OLlr response is tha t the large body of 
lite rature was based on the findin gs with a monoclonal antibody 
named B.Cl. C ontro versies ov er the epitope specificities of m ono-
clonal versus polyclonal antibodies are very common in biomedical 
research. l3ecllllse the original anti gen used to make the B.Cl 
antibody w as a relatively crude membrane- prote in fra ction of SCC 
cells, we decided to l11ake a po lyclonal antibody against a charac-
terized , homogeneous, " naked " (th at is, not posttranslationallr 
m odified) bacte rially expressed trun cated but very active TGase 1 
protein. Of course we were very surprised that our antibody 
behaved differently from the B .Cl antibody. [11. our paper , we 
reported eJ'tensive de tai"l s abo ut its specific ity in il11l11unoblo tting 
and immunoprecipitation assays. In their le tte r H ohl eI al requested 
certain other experiments, which it turns out, we ha ve done and 
" W e pre fe r to u sc the term TGa se 1 rather tha" ' T G asc 1(' o r 'TG K ' sin ce 
th e Human Genome Database N omencla ture 13o"rd has chosell TGMI for 
the gene , and reco ml11 end TGase 1 fo r the pro tein produ ct (sce Polakowska 
", ai, 1991). 
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were published in a subsequcnt paper (Kim et al. 1995b) . In part 
because our an ti body works well in immunoprecipitation experi-
ments, by use of metabolic labe ling w ith [35S]methionine and 
[35]cysteine, we were able to generate add itiona l data abou t the 
levels of expression of TGase 1 in basal and suprabasa l fo reskin 
epidermal ceUs, in subconAuent proliferating, postconAuen t statio n-
ary, and postconAuent differentiating cu ltu res of normal human 
epidermal keratinocytes. A ll of these data demonstrated sma ll but 
detecta ble TGase 1 leve ls in no ndiffe rc n tiating cells. We found that 
tenninaUy differe n tiating ce lls con tain > 200 o r > 100 times more 
TGase 1 prote in than proliferating o r stationa ry confluent cells, 
respective ly. In more recent work,t we ha vc pe rfo rmed semiquan-
titative experiments to estimate mRNA levels. Using experimental 
methods essen tiall y the same as those ofD uvic et al (1994), we have 
meas ured 2-5 pg ofTGase 1 m RNA per microgram of tota l RNA 
in b asa l ce Ll s and subconAu en t cultured keratinocytes. T his com-
pares to < 0.2 pg/ f,Lg fo r involucrin or kera tin :t 0 w hich are 
essentia ll y undetecta ble as expected, and 1.5 pg/ f,Lg for keratin 1 
which is known to be presen t in sma ll but detectabl e amount in 
some basal ce lls (Roop ct aI, 1989). In con trast, terminally differ-
entiating kera tin ocytes con tain up to 800 pg/ f,Lg of TGase 1 
mRNA. Together, we fee l there are a vaJ'icry of data wh ich suggest 
there are small but detectable am o un ts of TGase 1 mRNA and 
protein in proliferating kerati nocytes. T his in no way contrad icts 
the dogma that TGase :I is a va lid and extremely useful marker of 
differentiation in keratinoc)'tes. 
The second principa l criti cism of Hoh l er al concerns the 
specificity of the R.Cl an tibody. We p rcsen ted direct sequencing 
data that the iJ11munoprec ipi tated products of three batches of the 
CO lll.I'I'l.ercial form of this monoclonal 'mtibody immunoprecipi tate 
SPRR proteins, as prove n directly by 1II11ino acid sequencin g. We 
have l ikewise established tha t the immunoprecipitatio n products of 
our po lycJonal anti body to indeed correspond to TGase 1 protein 
by sequencing (Kim et aI, 1995b). Furthe rm o re, we want to poin t 
o ur that when R.Cl is used in 'conventional' or ' renaturation ' 
blotting methods, it recognizes a band widely reported to be 92 
illa. We h ave shown by Western blotting methods w ith o ur 
polyclonal antibody that the intact unmodified TGase 1. protein 
expressed in bacteria is 92 kDa (Kim cl al 1994, 1995b), but that 
expressed in keratinocytes is reproducibly 106 kDa (Kim el al 
1995a,b) and is most probably due to severa l forms of post t rans la-
tional modifications (Greenberg et aI, 1991). 
Therefore, we remain puzzled as to exactly w hat the R.Cl 
antibody recogn izes. Hohl et al do not exp lain the mul tiplicity of 
the bands seen in the various lanes of F ig lA. Do othe r investiga-
tors also see these many bands? Are all of these TGase 1 antigens? 
These are va Lid qu estions because we do not see this complexity 
with o ur polyclon al antibody (Kim ef al 1995a, b). In terestingly, 
Hobl et al also show in Fig lB, lall c 8, a band of - 92 kDa in a 
supposedly TGase 1-negative lamellar ich thyosis patient, in addi-
tion to bands of - 30 kDa (Iall cs 6-8). Is the B.CI antibody hig hly 
t Steinert PM , C hun g S- l , Kim S-Y, un p ub lished obse rvatio ns. 
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specific for TGase 1. protein, or does its epitope recognize a 
posttranslational adduct w hich is common to both TGase 1 and 
several othe r epide rmally expressed proteins' For exampl e, could 
the inabili ty to iml11unoprecipi tate the SPR proteins expresscd in 
transfected HeL" cells by the B.CI antibody be due to differentia l 
posttranslational m odification reactio ns bet'ween epidenmll and 
HeLa keratinocytes? Perh aps one way to resolve these issues would 
be to perform amino acid sequencing on all of the bands recognized 
by the B.C1 antibody after renaturation as shown by Hohl f l til. 
M/ c ",allk Drs. /\I/adc.lci ll e D I/ llic} TOI!ia Karta:UJfJfl, U/rikr Lie/IIi, (I ud Edit Tarcsn 
for th eir ills(~"tf"J COllllll euts, 
Peter M. Steinert 
Laboratory of Skin Biology 
National lnstitute of Arthritis and Musculoskeleta l and Skin Diseases 
National Institutes of Health 
Bethesda, Maryland, U.S.A. 
Soo-II C hung 
Green Cross Corporation 
Kihcung-Eup. Yongin-goon , Kyounggi-do, Republic of Korea 
Kozo Yoneda 
Departmen t of Dermatology 
Faculty of Medicine 
Kyoto University 
Kyoto 606, J apan 
Soo-You l Kim 
Pacific Corporation 
Ki heung-Eup, Yongin-goon , Kyou nggi-do, Republic of Korea 
REFERENCES 
Duvic M. Nelson DC. Anmm:: I1 :1 M. C ho M. Esgleycs-R..ibot T. Rcmcnyik E. Ulmer 
R . Rapin i RP. Sacks PC. C laY11lan GL. Da vies ~'A . Thacher S: Kcratinocycc 
rl":ln sg:lu tallli nasc expression v:lrics ill Sq U:ll tlOlIS cell carci nomas. J II/Pcst Dallln,," 
102:462-469. 1994 
Greenberg CS. l3irckbichlcr PJ . l"lice Il...H: Tr;'l llsgi ut;'ll11in:1sc : 111111 tifu II CI"ional cross-
linking enzymes rh:lt stabilize rissucs. PASEH J 5:3071-.1077. 199 '1 
Ki nl S-Y, l(jlll I-G. C hung 5-1. Stcincn PM : T he strllcture orthc tr<lllsglutal1lin:1sc l 
enzyme: dcktion cloning rcvcnls domain s chat" regulate irs specifIC acri vity and 
suhsrrarc specifi city. J BiHI C helll 269:27979 - 271)86. 1994 
Kim S-Y. C hun g S-I, YOllcda K. Steinert PM : Exprcs~ion of tr:lIlsgiu mminnsl.! I III 
hUlllnn epidermis. ) h fllCS I /)cnllflf(l/ '10,1:2 11-21'7. 199501 
Kim S-Y. C hung S-I. Stcin ert PM: Highly <l CDVe ~o ll1 b l c processed forms of rhe 
tnll1sgillt01nlin:lsc I cnzym c ill epidcrltla l kcrntinocytcs.) Bill! Clwm 27 0: 18026 -
18035. 1995h 
Po l;lkowsk:l R.R. Edd y RL. Shows Tl3, Goldsmith LA: Epidermal type I trnnsgluwmi-
,,,,sc (TG M1 ) is assigned to hl"""" chroillosome 14. C )'lol Cell GellrT 56: 105-1 07. 
199 1 
Roop Olt.. Nakazawa H. Mchrcl T . C heng CK. C hung S. ROlhllilgclJA. Sl'c incrt PM. 
Yuspa SI-I: Scq ucnti nl chnngcs in gcne expression during cpidc nmll dificrcntin-
lio ll . In: Rogers GE. Rcis PJ . Ward K. Marshall R C (cds.). TIll' Bi%.C}' I1 1Vl101 
alu/ .H flir. C h01pl11iln and Ha ll . London. 19S? PI' 31 1-324 
